Abstract. Estimating baseflow at a large spatial scale is critical for water balance budget, water 19 resources management, and environmental evaluation. To predict baseflow index (BFI, the 20 ratio of baseflow to total streamflow), this study introduces a multilevel regression approach,
Introduction

48
Baseflow, the outflow from the upstream aquifers when the recharge is ceased (e.g., 49 precipitation or other artificial water supplies) (Brutsaert and Lopez, 1998; Brutsaert, 2005) , 50 is an important indicator of catchment hydrogeological characteristic (Knisel, 1963) . Gusyev et al., 2016) . These models can be divided into two groups.
73
One group considers baseflow as a linear recession process for groundewater reservoir, The benchmark BFI data were estimated using four baseflow separation methods. They are The SIMHYD and Xinanjiang model are two conceptual rainfall-runoff hydrological models. which uses remote sensing data and contains nine model parameters, is used in this study.
205
The Xinanjiang model was developed by Zhao (1992) and has been widely used in humid remote sensed LAI and the model parameters were reduced from 14 to 12.
212
The revised version of those two models is denoted as original models. Traditionally, BFI was predicted using one set parameters for all catchments. The details are:
where BFIi is the baseflow index for each catchment i=1,..., 596, N is normal distribution 233 function, α is the intercept, β is slop, X is the variables (i.e., catchment attributes), and ε is In this study, we assumed that BFI associates with the climate variables (annual precipitation, 244 potential evapotranspiration) and terrain attributes (area, elevation, slope, land cover and 245 available soil water holding capacity in top soil) in each catchment (i.e., i = 1, 2, 3, …, 596).
246
We further assumed that the effects of those predictors on BFI vary with climate zones 247 including arid, tropics, equiseasonal and winter rainfall (i.e., j = 1, 2, 3, 4). In this process, the 248 catchments were divided into multiple datasets based on climate zones, then individual linear 249 regression model were built for each subset.
where j is catchment in each climate zone, BFIji is the baseflow index for catchment in each 252 subset j = 1,2,3,4. N is normal distribution function, α is the intercept, β is slop, X is the 253 variables (i.e., catchment attributes), and ε is variance in each subset. However, hydrological climate zone). The details of the approach is elaborated as follows:
where Xi is the catchment attributes for each basin, and its intercepts and slopes can be 270 decomposed into terms for climate zone, can be described as:
the Eq. (4) can be calculated individually by: 
397
Climate influences the hydrological process and thus leads to changes in baseflow generation.
398
Implementation of multilevel regression approach in this study, P and ETP have the most 
436
Other studies show that the watershed area and slope are highly associated with the baseflow 437 statistics (Vogel and Kroll, 1992) . This can be a result of the catchments in their study are between soil water content and P as well as ETP (Milly, 1994 ).
445
Our result shows that multilevel regression approach, this approach can better understand the Table 1 . 
